N early 35% of patients who seek physical therapy for spinal disorders report neck pain. 17, 36 Neck and arm pain is more common than neck pain alone and is associated with higher levels of self-reported disability. 15 Sensitized neural tissues provide one potential mechanism for neck and arm pain to coexist. 6 Researchers have been encouraged to identify characteristics that predict patients' responses to different physical therapy interventions. 22, 57 One physical therapy intervention advocated for patients with nerve-related neck and arm pain is neural tissue management (NTM), also referred to as neurodynamic treatment. 7, 8, 20 NTM uses specific combinations of active or passive movements that aim to reduce nerve mechanosensitivity and restore symptom-free function. 14 We have shown that NTM provides clinically important benefits beyond advice to remain active (ARA) in the short term for patients with nerve-related neck and arm pain. 51 However, characteristics that predict patients' responses to NTM are unknown. One research-based strategy to identify these characteristics is to develop a prediction model. 44 Study design, statistical methods for creating the model, and the format of model presentation are important to consider during the initial development of a prediction model. 59 The prediction model's purpose dictates the best study design for its development. 4 A treatment-related pre-T T STUDY DESIGN: Planned secondary analysis of a randomized controlled trial comparing neural tissue management (NTM) to advice to remain active.
T T OBJECTIVE:
To develop a model that predicts the likelihood of patient-reported improvement following NTM.
T T BACKGROUND:
Matching patients to an intervention they are likely to benefit from potentially improves outcomes. However, baseline characteristics that predict patients' responses to NTM are unknown.
T T METHODS: Data came from 60 consecutive adults who had nontraumatic, nerve-related neck and unilateral arm pain for at least 4 weeks. Participants were assigned to a group that received NTM (n = 40), which involved brief education, manual therapy, and nerve gliding exercises for 4 treatments over 2 weeks, or to a group that was given advice to remain active (n = 20), which involved instruction to continue their usual activities. The participants' global rating of change at a 3-to 4-week follow-up defined improvement. Penalized regression of NTM data identified the best prediction model. A medical nomogram was created for prediction model scoring. Post hoc analysis determined whether the model predicted a specific response to NTM. T T RESULTS: Absence of neuropathic pain qualities, older age, and smaller deficits in median nerve neurodynamic test range of motion predicted improvement. Prediction model cutoffs increased the likelihood of improvement from 53% to 90% (95% confidence interval: 56%, 98%) or decreased the likelihood of improvement to 9% (95% confidence interval: 1%, 42%). The model did not predict the outcomes of the advice to remain active group.
[ research report ] diction model should be developed from a randomized controlled trial, because it is important to show that the model identifies patients who respond specifically to the treatment, rather than patients who simply have a favorable natural history. 4, 26, 41, 53 Statistical methods for creating the model should maximize the chance that the model will maintain its predictive performance when applied to future patients. 28, 59 Consideration of all potentially important predictors during initial model development frequently requires analyzing a large number of clinical variables. 55 Stepwise logistic regression requires at least 5 patients in the limiting sample size for each variable analyzed as a potential predictor for the model. 28, 64 The limiting sample size is the number of patients who experience the least frequent outcome after the prediction model treatment (eg, "improved" or "not improved"). 28 When analyzing a large number of clinical variables during initial model development, it is usually not feasible to recruit enough patients to obtain the required limiting sample size. Analyzing too many variables for the limiting sample size increases the risk that the derived model will not perform well when applied to future patients. 13, 28 Univariate screening of all clinical variables to decrease the number entered into stepwise logistic regression may not reduce this risk, because univariate screening may eliminate variables that have predictive value when included in a stepwise logistic regression. 28, 60 Therefore, when developing a prediction model from a large number of clinical variables relative to the limiting sample size, penalized regression may be a better option, because it may be more likely than univariate screening and stepwise logistic regression to produce a model that maintains its predictive performance in future patients. 28, 45, 61 The format of model presentation also affects predictive performance in future patients. Physical therapy treatment-related prediction models usually dichotomize continuous predictor variables according to "optimal" cutoffs derived from receiver-operating-characteristic (ROC) curves (eg, Flynn et al, 21 Puentedura et al 54 ). The common argument for dichotomizing continuous variables is to make it easier for clinicians to understand and use the final model. 46 However, dichotomizing continuous variables according to optimal cutoffs from ROC Assessed for eligibility, n = 587 Baseline assessment, n = 60* Randomization, n = 60 • Blocks of 12 without stratification curves or other data-dependent techniques can be problematic. 40 Although the cutoffs may be optimal for the sample used during initial model development, they may not be optimal for the larger population of patients on whom the model will be applied. 2, 56 Furthermore, similar to univariate screening, information lost by dichotomizing continuous variables prior to stepwise logistic regression can change which variables are selected for the final model and reduce predictive performance in future patients. 56, 58 A better approach may be to keep continuous variables in the model and to generate a scoring system by which the total score would provide an estimate of the patient's chance for improvement with the prediction model treatment. 56 Cutoffs for making clinical decisions are applied to the prediction model's total score. 56 Graphical presentation of the model in a medical nomogram 24, 38 allows for easy scoring of continuous variables and facilitates maintenance of the model's performance in future patients, because it preserves all predictive information from continuous variables in the model. 2, 24, 38, 40, 56, 58 The aim of this study was to develop a model that predicts whether patients with nerve-related neck and arm pain are likely to improve after NTM. The chosen study methods were those that permitted an assessment of the model's ability to predict a specific response to NTM and increased the chance that the model's predictive performance will be maintained when applied to future patients.
METHODS

Design Overview
T his study was a planned secondary analysis of a randomized controlled trial that compared NTM to ARA (FIGURE 1). 52 Although the methods and results of the trial have been reported in detail elsewhere, 51, 52 information relevant to the development and interpretation of the prediction model is presented here. Participant-reported improvement at a 3-to 4-week follow-up was the pri-mary outcome of the trial and was the outcome used to develop the prediction model. The model was created by analyzing data from participants in the NTM group. Consecutive participants who met all enrollment criteria were randomly assigned to NTM or ARA in a 2:1 ratio to increase the amount of NTM data available for prediction model development.
Of the 40 participants assigned to NTM, 21 (53%) were classified as improved at follow-up. 51 The participants who were assigned to the group that received ARA (instruction to continue their usual activities) (n = 20) provided data on the natural history of nerve-related neck and arm pain needed to assess whether the model predicted a specific response to NTM. To improve the chance that the derived model will maintain its predictive performance when applied to future patients, we (a) identified the best examination items for the model by analyzing NTM data with penalized regression, using the least absolute shrinkage and selection operator (LASSO) 61 ; and (b) created a medical nomogram for prediction model scoring. 24, 38 The model's ability to predict a specific response to NTM was as-sessed by a post hoc analysis of data from participants in both the NTM and ARA groups. 42 Ethical approval was obtained from the Medical Research Ethics Committee of the University of Queensland, and all participants provided informed consent prior to data collection. The trial was registered with the Australian New Zealand Clinical Trials Registry (ACTRN 12610000446066).
Participants
Sixty participants recruited from the general community qualified for the trial and provided data for developing the prediction model and assessing its ability to predict a specific response to NTM (TABLE 1, FIGURE 1). 51 To enter the trial, participants had to be 18 to 60 years of age and to have neck and unilateral arm pain that spread below the deltoid tuberosity but was not related to trauma. Symptoms had to have been present for at least 4 weeks and preceded by a pain-free period of 4 weeks or longer. 16 Participants rated the average intensity of their neck and arm pain during the previous week on separate 11-point numeric pain rating scales. 35 The mean of these pain ratings had to be at least 3/10 to be included in the trial. Participants' symptoms had to be reproduced by a mechanical provocation test for the cervical nerve roots and median nerve, known as the median nerve upper-limb neurodynamic test (ULNT-1 MEDIAN ). 7, 19 Importantly, contralateral neck sidebending or releasing wrist extension at the end of ULNT1 MEDIAN had to change these symptoms. 7, 19 This ULNT-1 MEDIAN response suggested that participants' symptoms were at least partly related to increased nerve mechanosensitivity in the neck and upper limb. 7, 25, 50 Participants with 2 or more abnormal neurological signs (decreased strength, reflex, or sensation) at the same nerve root level (C5-T1) were excluded. 65 It has been suggested that these 2 enrollment criteria would select participants who would be considered appropriate candidates for NTM. 7, 20, 25 Participants were also excluded if they had bilateral arm symptoms, symptoms or signs suggestive of cervical myelopathy, physical therapy for neck and arm pain within the previous 6 weeks, previous neck or upper-limb surgery, or medical red flags 9 that suggested serious pathology. Self-report items required that the participants read and speak English proficiently.
Neural Tissue Management
The prediction model treatment was administered for 4 treatments over 2 weeks. It included a brief educational component that aimed to reduce any apprehension that participants might have had about NTM, manual therapy applied to the cervical spine (contralateral cervical lateral glide 20 ) and shoulder girdle (shoulder girdle mobilization with active craniocervical flexion to elongate the posterior cervical spine 20, 52 ), and a home program of nerve gliding exercises for the cervical nerve roots and median nerve that involved different combinations of neck, elbow, and wrist movements in varying angles of shoulder abduction. The manual therapy techniques and nerve gliding exercises were prescribed so as not to provoke the participants' symptoms and have been recommended for reducing mechanosensitivity in the cervical nerve roots and median nerve. 7, 14, 20 The NTM protocol has been described in detail elsewhere. 52 No participants had to stop NTM early because of an adverse response to treatment. 51 Two participants assigned to NTM who did not complete follow-up were classified as not improved for the purpose of prediction model development (FIGURE 1).
Outcome Predicted by the Model
The outcome predicted by the model was participant-reported improvement on a 15-point global rating of change (GROC) scale at a 3-to 4-week follow-up. The scale spans from -7 ("a very great deal worse") to 0 ("no change") to +7 ("a very great deal better"). 34 A GROC of +4 or greater (at least "moderately better") classified a participant as improved. Due to concerns that participants might not remember their baseline status accurately when scoring their GROC at follow-up, 37 neck pain, arm pain, and participant-reported function were assessed at baseline and follow-up, to validate that, regardless of group assignment, participants who were improved differed from those who were not improved. Neck pain and arm pain outcomes were the mean of the numeric pain ratings for the participants' current, highest, and lowest levels of pain during the previous 24 hours. 11 Participant-reported function was assessed with the Neck Disability Index 62 and the Patient-Specific Functional Scale (PSFS). 66
Examination Items for the Prediction Model
Examination items for prediction model development were assessed on each participant at baseline by the examiner who collected outcome data (TABLE 2). The rationale for item selection and available information on reliability have been reported previously. 52
Statistical Analysis
Statistical analysis involved (a) validation of the GROC criterion for improvement, (b) prediction model development, and (c) a post hoc assessment of the model's ability to predict a specific response to NTM. 42, 52 The alpha level was .05 unless stated otherwise.
Validation of the GROC Criterion for Improvement Separate analyses of covariance determined whether follow-up scores for neck pain, arm pain, and the Neck Disability Index were significantly different between participants who were improved and not improved, regardless of group assignment. Follow-up scores in each analysis of covariance were adjusted by using the baseline score as the covariate. 63 Because PSFS activities were different for 32 All remaining items were entered into a LAS-SO analysis using the categorical regression (CATREG) option in SPSS Statistics Version 19 (IBM Corporation, Armonk, NY). The LASSO applies a statistical penalty that shrinks the size of each examination item's regression coefficient, and items with coefficients that shrink to zero are not selected for the final model. 61 Given the large number of examination items that were analyzed as potential predictors, penalized regression with the LASSO was necessary, because obtaining the sample required for stepwise logistic regression was not feasible. 28, 45, 52, 61, 64 CAT-REG requires researchers to designate a scaling level for each examination item. When nonlinear relationships with the outcome are of interest, the scaling level should be less restrictive than the measurement level of the examination item (eg, ordinal scaling level for a continuous item). 29 Because we were not interested in nonlinear relationships, categorical and dichotomous items were scaled at the ordinal level and continuous items at the numeric level (TABLE 2) . The CATREG LASSO algorithm produces a series of potential model solutions based on minimizing the expected prediction error, which is the projected amount of error in the model's estimate of a patient's chance for improvement after NTM when the model is applied to a new sample of patients. 59 The expected prediction error for each potential model solution was estimated with the "0.632 bootstrap" ("leave-one-out bootstrap") from 200 bootstrap samples. 18 LASSO regression coefficients are usually biased toward zero. 31 One way to correct this bias is to recalculate the coefficients for each potential model solution without the LASSO penalty. 31 Therefore, potential model solutions with 6 or fewer examination items were analyzed separately in CATREG without the LASSO penalty to select the final model. 29, 30 This choice was based on previously proposed treatment-related prediction models that contained as many as 6 items. 10 If the unpenalized CATREG coefficient for 1 or more examination items within a model was not statistically significant (P>.05), a revised version of the model without those items was analyzed. 32, 59 The unpenalized CATREG estimate of each model's expected prediction error was based on the 0.632 bootstrap from 200 bootstrap samples. The goal was to find the model with the lowest expected prediction error and the smallest number of examination items. Performance of the final model was summarized by Nagelkerke R 2 , 49 the area under the ROC curve, 59 and the Hosmer-Lemeshow goodness-of-fit test. 32 A medical nomogram for the final model, based on unpenalized logistic regression coefficients, was created in R with the regression modeling strategies package Version 3.3-1. 27 Separate ROC curves determined the best prediction model cutoffs for identifying participants who were and were not likely to improve after NTM. 48 Sensitivity, specificity, and likelihood ratios with 95% confidence intervals (CIs) quantified the clinical value of each cutoff. 33 42 assessed whether the model's cutoff for improvement predicted a specific response to NTM. The differences in the frequency of participant-reported improvement between the NTM and ARA groups were evaluated in participants who met the prediction model cutoff for improvement and in those who did not. To evaluate the hypothesis that the model predicted a specific response to NTM, the difference in the frequency of participant-reported improvement between the NTM and ARA groups should be larger among participants who met the prediction model cutoff for improvement. 26, 42 The post hoc analysis only included participants who completed follow-up (FIGURE 1).
Assessment of the Model's Ability to Predict a Specific Response to NTM A post hoc analysis proposed by Kent et al
RESULTS
Validation of the GROC Criterion for Improvement
R esults supported the validity of the GROC criterion for participantreported improvement. Mean differ-ences (95% CI) showed that, regardless of group assignment, participants who improved (GROC of +4 or greater) had lower follow-up scores for neck pain (difference, -2.4; 95% CI: -1.5, -3.2; P<.001), arm pain (difference, -2.5; 95% CI: -1.7, -3.2; P<.001), and the Neck Disability Index (difference, -5.7; 95% CI: -3.6, -7.8; P<.001), and higher PSFS change scores (difference, 2.7; 95% CI: 1.8, 3.6; P<.001).
Prediction Model
In CATREG, the number of valid cases must be greater than the number of potential predictors plus 1. Because 40 participants were assigned to NTM, only 38 of the 43 examination items could be entered into the CATREG LASSO analysis. Two items were eliminated because of zero cells in their 2-way tables with improvement after NTM (TABLE 2) . Because several examination items assessed the construct of nerve mechanosensitivity, 3 items that we considered less important for assessing this construct were eliminated to reach the limit of 38 (TABLE 2) .
The CATREG LASSO analysis revealed 4 potential model solutions with 6 or fewer examination items (FIGURE 2) . Unpenalized CATREG analysis of these potential model solutions determined that a model containing "self-report Leeds Assessment of Neuropathic Symptoms and Signs score of 12 or greater" (S-LANSS), "age," and "deficit in elbow extension range of motion during ULNT-1 MEDIAN " had the lowest expected prediction error (FIGURE 3 ). S-LANSS less than 12 (absence of neuropathic pain qualities), older age, and smaller deficit in elbow extension range of motion during ULNT1 MEDIAN . The symptomatic limb is tested first. After stabilizing the shoulder girdle to prevent elevation during testing, each movement (shoulder abduction, wrist extension, forearm supination, and shoulder external rotation) is performed to a point just before the provocation of any symptoms (or to end range if no symptoms are provoked). The elbow is then extended to the onset of symptoms and the angle is measured with a standard goniometer (180° = full extension). The process is repeated on the asymptomatic limb, but shoulder, wrist, and forearm angles are matched to the angles reached on the symptomatic limb. Elbow extension on the asymptomatic limb is performed to the onset of a sensory response. ULNTDEF = (elbow extension angle asymptomatic limb) -(elbow extension angle symptomatic limb).
Medical nomogram for predicting improvement after neural tissue management SCORING: Locate the patient's score for each examination item on the corresponding horizontal scale. Draw a straight line up to the "Points" scale to assign a certain number of points to the patient's score for each item (shaded columns provide orientation to 5-point increments on the "Points" scale). Sum the points for all items and locate this value on the "Total Points" scale. Draw a straight line down to estimate the patient's "Probability for Improvement" after neural tissue management (NTM) (shaded columns provide orientation to increments of 10% on the "Probability for Improvement" scale).
the variance in outcome (Nagelkerke R 2 = 0.46) and discriminated participants who improved from those who did not (area under the ROC curve, 0.85; 95% CI: 0.72, 0.98). The Hosmer-Lemeshow goodnessof-fit test was removed from the analysis of model performance, because the NTM group had only 40 participants. This small sample meant that the Hosmer-Lemeshow goodness-of-fit test did not have enough statistical power to determine whether there was a meaningful difference between observed outcomes and outcomes predicted by the model. 32 The medical nomogram for the final model is shown in FIGURE 4. Prediction model scores of 89 or more points (120 maximum) identified participants who were likely to improve after NTM (TABLE  3) . Scores of 71 or less identified participants who were not likely to improve (TABLE 3) . Given a pretest probability for improvement of 53%, 51 the posttest probability increased to 90% (95% CI: 56%, 98%) for participants with scores of 89 or greater and decreased to 9% (95% CI: 1%, 42%) for participants with scores of 71 or less.
The Model's Ability to Predict a Specific Response to NTM
The post hoc analysis supported the hy-pothesis that the model's cutoff of 89 or more points predicted a specific response to NTM. Among participants with prediction model scores of 89 or more points, the difference in the frequency of participant-reported improvement between the NTM and ARA groups was 90% (95% CI: 60%, 100%), whereas the difference in the frequency of improvement between the NTM and ARA groups for participants with prediction model scores of less than 89 was only 35% (95% CI: 12%, 59%) (TABLE 4).
DISCUSSION
P atients who met our definition of nerve-related neck and arm pain had a 53% chance of improving with NTM at a 3-to 4-week follow-up. 51 Because this is equivalent to flipping a coin, a tool that could help clinicians identify those patients who may or may not be good candidates for NTM would be useful. A model that combines neuropathic pain qualities (S-LANSS), age, and deficit in elbow extension range of motion during ULNT1 MEDIAN may help clinicians with this identification process, because the model's cutoffs signify a clinically important increase or decrease in a patient's chance for improvement with NTM in the short term. Patients who score 89 or more points on the model appear to be good candidates for NTM, because their chance for improvement increases to 90% (95% CI: 56%, 98%). Those who score 71 or fewer points should probably receive an intervention other than NTM initially, because their chance for improving with neurodynamic treatment decreases to 9% (95% CI: 1%, 42%). The model may help clinicians decide whether to use NTM in approximately 50% of patients who meet our definition of nerverelated neck and arm pain, because 31 of 60 participants had prediction model scores of 89 or greater or of 71 or less. The other 50% of patients who scored less than 89 or greater than 71 may still benefit from NTM, but the model cannot assist clinicians' decision-making process for these individuals. Future studies need to determine whether broadening the definition of nerve-related neck and arm pain or modifying the prediction model will enable the model to assist clinicians' decision-making process for a larger proportion of patients. It is unlikely that the model simply predicts the natural history of the patient's pain. The previously reported results of the randomized trial showed that the outcome predicted by the model (participant-reported improvement) represents an NTM treatment effect. 51 More importantly, the post hoc analysis indicated that the model did not predict outcome in the ARA group. 26, 42 None of the 5 participants who received ARA and scored 89 or more points on the model were improved at follow-up, and the 1 participant who did improve with ARA scored less than 89 points (TABLE 4) .
It should be emphasized that, consistent with the questionnaire's instructions, participants were reminded to focus specifically on the area of their worst symptoms when completing the S-LANSS. 5 For example, a participant whose worst symptoms were in the neck or scapular region completed the S-LANSS based on these symptoms, not arm symptoms. This distinction is important, because recent evidence suggests that questionnairebased classifications of neuropathic pain may differ between local spine symptoms and associated limb symptoms. 3 The S-LANSS must be administered with this reminder when using this prediction model.
Although our results suggest that the model is useful, an assessment of usefulness should also consider whether the individual predictors in the model make sense clinically (face validity). 44 S-LANSS scores of 12 or greater (presence of neuropathic pain qualities) and larger deficits in ULNT1 MEDIAN range of motion were associated with a lower likelihood of improving with the nonprovocative NTM program. Both predictors suggest a higher level of nervous system sensitivity. When nervous system sensitivity is relatively high, NTM techniques that are still nonprovocative may need to be so gentle that the dosage could not provide enough of a mechanical or neurophysiological stimulus to produce a treatment effect. Therefore, S-LANSS scores of 12 or greater and larger deficits in ULNT1 ME-DIAN range of motion predicting a lower likelihood of improvement with the nonprovocative NTM program seem clinically reasonable. These predictors suggest that for patients with a highly sensitive nervous system, a different approach may be required initially so that the treatment dosage delivers an adequate stimulus to produce beneficial effects without aggravating highly sensitized neural tissues.
The relationship between younger age and a lower likelihood of improvement with NTM is more difficult to interpret. A prospective cohort study on physical therapy treatment of nerve-related neck and arm pain showed the opposite relationship; younger age was associated with improvement in the short term. 12 It seems unlikely that there was something specific in the NTM treatment used in the present study or in its participants that would explain the difference between our prediction model and the results of this prospective cohort study. While the relationship between younger age and a lower likelihood of improvement is difficult to explain, age was a necessary predictor for creating the model with the lowest expected prediction error (FIGURE 3) . This situation highlights the concept that items that predict whether an outcome occurs do not necessarily explain how the prediction model treatment achieves its effects. 39, 43 It is important to recognize that the aim of the model was to predict the likelihood of improvement with NTM rather than to identify explanatory mechanisms for NTM treatment effects.
Creating the model by analyzing only NTM data requires further discussion. The ideal approach to creating a treatment-related prediction model from randomized controlled trial data is to include data from both the treatment group (NTM) and control group (ARA) in the analysis. 43 This allows for testing of the interactions between the treatment group assignment and each examination item considered for inclusion in the model. An interaction is present when the strength of the relationship between an examination item and the outcome is different for each treatment group. 39 Only examination items with significant interactions are selected for the final model. This approach is preferred because it establishes that each examination item in the final model predicts a specific response to NTM. 42, 43 It was not possible to analyze both NTM and ARA data when creating our prediction model, because only 1 participant who received ARA was improved at follow-up. This meant that there were not enough data for the contrasts necessary to identify valid interactions between each examination item and treatment-group assignment. 39 We anticipated this problem when planning the study, 52 because previous randomized controlled trial data showed that the short-term natural history of nerverelated neck and arm pain was relatively stable. 1 Therefore, we created the prediction model by analyzing only NTM data and assessed its ability to predict a specific response to NTM through post hoc analysis. This is considered a viable approach to generating an initial hypothesis for a treatment-related prediction model. 42 However, it is unclear whether this approach would have any detrimental impact on predictive performance in future patients.
The results of this study need to be interpreted with 3 additional considerations. First, the sample was smaller than planned (60 participants instead of 84) because of the study's limited recruitment time (2 years). 51 Some examination items, therefore, could not be entered into the CATREG LASSO analysis. This might also have contributed to the wide 95% CIs for the likelihood ratios associated with the prediction model cutoffs and the assessment of the model's ability to predict a specific response to NTM. Second, this was the initial proposal of the predic-tion model. Although the LASSO analysis and preservation of continuous examination item information in the medical nomogram may increase the chance that the model will maintain its predictive performance in future patients, this performance needs to be confirmed in a new sample before the model can be recommended for widespread clinical use. 47 Third, the assessment of the model's ability to predict a specific response to NTM is directly related to the comparison intervention used in the randomized trial, the time frame of follow-up, and the threshold that defines improvement. 41 Patients who meet this study's enrollment criteria and have prediction model scores of 89 or greater are likely to do much better with NTM than with ARA in the short term. However, it is unclear whether these patients would do better with NTM than with other interventions and whether the model would still predict a specific response to NTM over a longer follow-up or with different thresholds for improvement. Future randomized trials are needed to answer these questions.
In addition to re-evaluating model performance, future randomized trials will provide insight into the potential impact that the model may have on clinical decision making. If NTM treatment effects remain relatively large compared to different interventions, NTM could be considered as "best practice" for most patients with nerve-related neck and arm pain, and selecting patients according to the prediction model may not be necessary. 23 However, if NTM treatment effects are similar to other interventions, selecting patients according to the prediction model (if validated) may help to maximize patient outcomes. 23 CONCLUSION W hen treating patients who meet our definition of nerverelated neck and arm pain with NTM, absence of neuropathic pain qualities (S-LANSS scores less than 12), older age, and smaller deficits in ULNT1 MEDIAN range of motion predicted an increase in the chance for improvement at a 3-to 4-week follow-up. Conversely, presence of neuropathic pain qualities (S-LANSS scores of 12 or greater), younger age, and larger deficits in ULNT1 MEDIAN range of motion predicted a decrease in the chance for improvement. Validation of prediction model performance in a new sample is needed, as is an assessment of the model's ability to predict a specific response to NTM when using different comparison interventions and a longer follow-up. t
KEY POINTS
FINDINGS: Absence of neuropathic pain qualities, older age, and smaller deficits in ULNT1 MEDIAN range of motion predicted whether patients with nerverelated neck and arm pain were likely to improve with NTM at a 3-to 4-week follow-up. Prediction model cutoffs increased a patient's chance for improvement from 53% to 90% or decreased it to 9%. Post hoc analysis suggested that the model predicted a specific response to NTM. IMPLICATIONS: This prediction model is a research-based tool that provides preliminary evidence that baseline characteristics may be able to identify patients with nerve-related neck and arm pain who are and are not a good match for NTM. CAUTION: Model performance needs to be re-evaluated in a validation study. The model's ability to predict a specific response to NTM when using different comparison interventions and longer follow-up is unknown.
